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Abstract of JP2002094430 

PROBLEM TO BE SOLVED: To determine a statistical 
bandwidth for use in at least one data stream of a communication 
satellite, in real time. SOLUTION: An outbound module 100 of a 
satellite 10 contains at least one of buffers 104 to 112 for queuing 
a data stream received by an uplink and transmitted by a 
downlink. The outbound module 100 contains a switch 102 for 
sending a packet of a plurality of data streams to the 
corresponding buffers 104 to 1 12, in correspondence with the 
service quality associated with each data stream and the 
corresponding buffers 104 to 1 12. A packet monitor 1 16 monitors 
a data stream traffic to each buffer, and measures traffic 
parameters, such as the number of packet or the number of bits to 
be received each second by one or a plurality of buffers in the 
outbound module 100. 
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BACKGROUND OF THE INVENTION 



[0001] The present invention generally relates to a satellite communications network and more specifically to an ATM satellite 
communications network for real-time determination of the equivalent statistical bandwidth being used at any instant in time by 
data streams carried through an output module port of a communications satellite. 

[0002] Satellite communications networks are both in existence and in development for supporting communications channels 
carrying a variety of data types, such as audio data, video data, video conferencing data, broadcast video data, web surfing data and 
the like. The next generation satellite communications networks support the ATM (a synchronous transfer mode) protocol for 
conveying the various data types. The ATM protocol represents a connection oriented protocol. As a connection oriented protocol, 
an ATM network operates such that, before a call is permitted to take place through the network, a network provider guarantees 
that existing calls will not be unduly adversely affected. For instance, the network provider guarantees that existing connections 
will maintain a certain minimum quality of service. In addition, before establishing a new call within an ATM network, the 
network provider must insure that the network will afford a desired minimum quality of service for the new call. 

[0003] The quality of service defines an ATM requirement for a particular connection, such as a data stream packet/loss ratio, a 
delay or delay variation between data stream packet transmissions and the like. Two exemplary ATM network control techniques 
are guaranteed minimum quality of service and best efforts minimum quality of service. In an ATM network, the assumed apriori 
equivalent bandwidth for new calls and existing calls may be used to determine call admission control for new calls and scheduling 
with respect to the time of transmission of packets associated with existing calls. 

[0004] Call admission control is the process by which an ATM network determines whether or not to accept a new call or user who 
is requesting some service from the network. The freedom and flexibility afforded within call admission control and scheduling are 
dependent upon an amount of bandwidth afforded to an ATM network and upon the "equivalent” bandwidth requirements of 
individual calls requested from the network. Equivalent bandwidth in this context refers to a statistical amount of bandwidth 
required by a particular connection in order to meet a minimum quality of service required by the connection. 

[0005] Existing ATM networks govern call admission control and scheduling based on bandwidth models designed to estimate the 
amount of bandwidth in use within the network and the additional bandwidth demands required of a new call. Conventional 
bandwidth models are designed based on a priori knowledge of traffic characteristics. 

[0006] More specifically, ATM connections are setup based on call admission control algorithms which use a priori knowledge of 
traffic characteristics provided by a new caller seeking admission and provided within "traffic contracts" concerning existing calls. 
The call admission control algorithm creates and maintains a "traffic contract" with each new caller upon admission to the network. 
The traffic contracts include a record of estimated statistical bandwidth expected to be used with each new caller, for which 
network access has been granted. Traffic contract values are assigned for each connection/priority class (e.g., a class of data 
streams requiring a predetermined minimum quality of service). The traffic contract values for existing calls are used continuously 
to program a scheduler that controls data stream transmission between various connections and/or data stream classes. 

[0007] The network provider tracks statistical bandwidth utilization based upon the estimated statistical bandwidth expectations 
defined in the traffic contracts. By way of example, the network provider may estimate statistical bandwidth utilization based on 
call parameters, such as sustainable cell rate (SCR), peak cell rate (PCR) and maximum burst size (MBS). The network provider 
maintains tables of the aforementioned call parameter values as theoretical information or models regarding the projected network 
capabilities as limited by estimated bandwidth demand of existing calls. 

[0008] In the past, modeling techniques have been proposed, such as in an article by Gringeri et al. titled "Traffic Shaping, 
Bandwidth Allocation, and Quality Assessment of IMPEG Video Distribution Over Broadband Networks", IEEE Network 
November/December 1998, pages 94-107. The Gringeri et al. article provides exemplary equations for calculating statistical 
bandwidth based on certain call parameters. 

[0009] However, existing ATM networks have experienced certain limitations by relying upon a priori knowledge to determine 
bandwidth availability and usage. Bandwidth models are static and do not represent actual traffic loading by a data stream upon the 
network since such models are based upon predetermined theoretical traffic patterns which are not dynamically adjustable to 
reflect actual bandwidth usage. Static bandwidth models are utilized for call admission control, scheduling, ATM available bit rate 
(ABR), guaranteed frame rate (GFR) and the like. Consequently, all of the aforementioned processes operate inefficiently and fail 
to maximize the use of bandwidth resources. 

[0010] A need remains for a more accurate manner of determining bandwidth usage. It is an object of the present invention to meet 
this need. 



file://C:¥Documents and Settings¥y&ffl¥My Documents¥EPOV3¥JP2002094430.html 



2008/01/31 





JP2002094430 



3/7 v 



BRIEF SUMMARY OF THE INVENTION 



[001 1] A preferred embodiment of the present invention utilizes real-time information obtained with respect to communications 
channels in use in order to determine an amount of statistical bandwidth actually being used at any instant in time. By determining 
actual statistical bandwidth usage, the preferred embodiment more accurately characterizes actual bandwidth usage of different 
connections and user applications. Accurate bandwidth characterization allows network operators to more efficiently utilize shared 
bandwidth resources, thereby affording higher revenue, while continuing to guarantee a minimum quality of service for individual 
users. 

[0012] According to one preferred embodiment of the present invention, a method is provided for determining in real-time an 
equivalent statistical bandwidth being used by at least one data stream carried through a communications satellite. The method 
includes measuring at least one traffic parameter associated with at least one data stream while the data stream is conveyed by the 
satellite between an uplink and a downlink. The traffic parameters are representative of the statistical bandwidth actually being 
used to carry the data stream. The measured traffic parameters are used to determine the statistical bandwidth actually in use to 
carry one or more data streams. According to the method of the preferred embodiment, at least one of a running average and mean 
deviation may be obtained based on a measured traffic parameter. The measurement of the traffic parameter may include 
determining at least one of a number of packets received per second, a number of bits received per second, a count of the total 
packets received over a period of time and a count of the total bits received over a period of time. The measuring step may further 
comprise measuring a common traffic parameter for multiple data streams. The common traffic parameter may include at least one 
of an aggregate arrival rate per downlink for multiple data streams, an overall inter-arrival time per downlink, an arrival rate per 
priority class of data streams and an overall inter-arrival time per priority class of data streams. 

[0013] According to an alternative embodiment, an apparatus is provided for determining in real-time an equivalent statistical 
bandwidth being used by at least one data stream carried through a communications satellite. The apparatus comprises at least one 
buffer or queue for temporarily storing packets from a data stream received over one or more satellite uplinks before transmission 
collectively with other data streams over a satellite downlink. The apparatus further includes a traffic measurement module 
measuring at least one traffic parameter associated with the data being queued into the buffer. The apparatus may further include a 
switch located upstream of the buffer and traffic measurement module for receiving multiple data streams having different priority 
classes. The switch switches each data stream to a corresponding buffer based upon the priority class associated with each data 
stream and buffer. 

[0014] A processor on the satellite determines a statistical bandwidth being used by the data stream based on the measured traffic 
parameters. The processor may obtain at least one of a running average and mean deviation for each data stream based on 
measured traffic parameters. The processor may measure, from the data stream, at least one of a number of packets received per 
second by one or more buffers, a number of bits received per second by one or more buffers, a count of the total packets received 
over a period of time by one or more buffers and a count of the total bits received over a period of time by one or more buffers. 

[0015] The apparatus may calculate the packets and bits received by a single buffer, by a group of buffers in a common priority 
class, by all of the buffers associated with a particular downlink (e.g., associated with a particular outbound module port) and die 
like. The apparatus may further include a processor for measuring a common traffic parameter for multiple data streams (having a 
common priority class or different priority classes). The common traffic parameter may include at least one of an aggregate arrival 
rate per downlink for multiple data streams received by one or more buffers, an overall inter-arrival time per downlink for one or 
more buffers, an arrival rate for priority class of data streams for one or more buffers and an overall inter-arrival time per priority 
class of data streams for one or more buffers. 

[0016] According to yet another alternative embodiment of the present invention, a running average and/or mean deviation 
computation may be performed to estimate the equivalent statistical bandwidth in real-time for one or more buffers. The equivalent 
statistical bandwidth information may then be used to dynamically adjust the scheduling algorithm bandwidth as usage varies over 
time. Alternatively or in addition, the equivalent statistical bandwidth information may be used to provide continuous bandwidth 
information to a call admission controller to afford more accurate control and allow the network to more accurately balance 
throughput and quality of service between multiple resources or connections. The real-time bandwidth computation technique 
determines equivalent statistical bandwidth usage in real-time for satellite packet-switched network management. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates a satellite communications system supporting an ATM network in accordance with a preferred embodiment of 
the present invention. 

Figure 2 illustrates an outbound module port housed within a communications satellite in accordance with a preferred embodiment 
of the present invention. 

Figure 3 illustrates a message sequence chart diagram setting forth the processing sequence to establish a call within an ATM 
network in accordance with a preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0018] Figure 1 illustrates a satellite communications system 5 that supports an ATM network for carrying communications data, 
such as voice, audio, video, video conferencing, broadcast video, internet information, data and the like. The satellite 
communications system 5 includes a satellite 10 that communicates with one or more user terminals 15, 20, 25 and 30 via bi- 
directional communications links 40-55. The bi-directional communications links 40-55 each include an uplink connection and a 
downlink connection (not separately shown) for passing communications data to and from the satellite 10. The satellite 10 also 
communications with an earth station 35 and/or other user terminals via bi-directional communications link 60 which includes an 
uplink and a downlink for passing communications data to and from the satellite 10. The user terminals 15-30 may be in a common 
footprint 65 of a single or several beamspot(s) defined by an antenna of the satellite 10. The ground station 35 may be in the same 
or a different footprint(s) of a common or different beamspot(s). 

[0019] The bi-directional communications links 40-55 may carry one or more data streams to and from the satellite 10. Each data 
stream supported by the bi-directional communication links 40-55 corresponds to a single call or connection previously or to be 
established by the ATM network. By way of example only, user terminal 15 may be a hand held mobile cellular phone that 
establishes a connection with the ATM network by maintaining an uplink connection and a downlink connection over bi- 
directional communications link 40 with the satellite 10. The uplink connection from the user terminal 15 to the satellite 10 would 
include data transmitted from the user terminal 15, such as voice data. The satellite 10 collects, via the uplinks within bi-directional 
communication links 40-55, all data transmitted from user terminals 15-30. Upon receiving the uplink information from bi- 
directional communication links 40-55, the satellite 10 combines the received data based upon ATM network protocols and 
transmits the combined data over a downlink in the bi-directional communications link 60 to the ground station 35. In the reverse 
direction, the satellite 10 receives uplink data from the ground station 35 and disseminates the uplink data to corresponding user 
terminals 15-30. 

[0020] Figure 2 illustrates a satellite outbound module 100 according to a preferred embodiment of the present invention. The 
outbound module 100 represents a point in the satellite 10 where several traffic streams are combined into a single downlink 
stream. For instance, the outbound module may be a module in the satellite in which multiple uplink traffic stream are combined 
and passed to a single downlink traffic stream. The uplink traffic streams may be for multiple uses located in common or different 
footprints of the beam spots created by the satellite 10. A fast-packet switch is provided in the satellite for receiving incoming data 
packets from the traffic streams. The switch identifies, for each data packet, a destination downlink beam. Based on the destination 
for each packet, the switch directs each data packet to a corresponding outbound module. 

[0021] The outbound module 100 is housed within the satellite 10 and operates to receive communications data over the uplinks 
within bi-directional communications links 40-55. The communications data received by the outbound module 100 is segmented 
into packets in accordance with the ATM protocol. The outbound module 100 conveys the packets of communications data, via 
queues or buffers, to a common downlink such as in bi-directional communications link 60. The aggregate queued communications 
data is subsequently passed to ground station 35. The outbound module 100 includes a switch 102 for receiving communications 
data from a plurality of individual connections or callers. Each connection or caller is associated with a single uplink from the user 
terminals 15-30. 

[0022] By way of example. Figure 2 illustrates five incoming communications signals 130-134 which are subsequently redirected 
by the switch 102 to corresponding buffers 104-1 12. The buffers 104-1 12 may vary in number and criteria for receiving 
communications data packets. In the example of Figure 2, five buffers are illustrates, each of which has a different priority class or 
quality of service (QoS) associated therewith. For instance, buffer 104 receives communications data packets from a data stream 
that require a particular quality of service designated as QoSl. Similarly, buffers 106-112 receive communications data packets 
from corresponding data streams associated with second through fifth qualities of services QoS2-QoS5. 

[0023] The buffers 104-112 receive corresponding communications data packets along lines 120-128, respectively, from switch 
102. The switch 102 directs corresponding packets of communications data from connections 130-134 to a corresponding buffer 
104-112 based upon the quality of service required by the data packet 

[0024] The buffers 104-112 represent FIFO (first in first out) or FCFS (first come first served) queues, whereby an incoming data 
stream of packets is temporarily stored or queued up in one of buffers 104-112 before being selected for transmission over lines 
135-139 to the downlink within bi-directional communications link 60. A scheduler 152 determines the order in which the buffers 
104-1 12 distribute data packets along lines 135-139, respectively, to the downlink. 

[0025] The outbound module 100 further includes a bandwidth measurement module 1 14 which communicates with a packet 
monitor 1 16 in order to record and track the data streams passing over lines 120-128 to buffers 104-1 12. The packet monitor 116 
measures at least one traffic parameter associated with each data stream carried over lines 120-128 and queued into the buffers 
104-112. By way of example only, the traffic parameters may include one or more of a count of the number of packets received per 
second by each buffer, a count of the number of bits received per second by each buffer, a count of the total number of packets 
received by a particular buffer over a period of time and/or a count of the total number of bits received by a particular buffer over a 
period of time. Optionally, the packet monitor 1 16 may obtain aggregate counts (packets or bits) by a group of buffers, such as in a 
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common or similar priority classes, or by all of the buffers within a particular outbound module. Alternatively or in addition, the 
packet monitor 1 16 may obtain an average of the counts (packets or bits) received by some or all of the buffers within a particular 
outbound module or by a group of buffers within a particular outbound module 100. For instance, it may be desirable to utilize 
separate buffers for certain connections or for every connection supported by an outbound module 100. Several of the buffers 104- 
1 12 may queue communications data packets requiring a common quality of service (e.g., QoS3 equals QoS4). It may be desirable 
to determine an average traffic parameter for one or more qualities of service. The quality of service for a particular buffer may 
also be referred to as the buffer's priority class. 

[0026] The traffic parameters collected by the packet monitor 1 16 are passed to a bandwidth measurement module 1 14 which 
calculates a statistical bandwidth actually being used by the data streams carried over paths 120-128 and through buffers 104-1 12. 
The bandwidth measurement module 114 calculates statistical bandwidth for each data stream based upon the traffic parameters 
collected by the packet monitor 1 16. The bandwidth measurement module 1 14 may calculate statistical bandwidths for individual 
buffers 104-112, for groups of buffers associated with a common priority class, for an entire outbound module 100 and the like. By 
way of example, the bandwidth measurement module 1 14 may calculate the aggregate arrival rate per outbound module 100 (e.g., 
mean, standard deviation and the like). The aggregate arrival rate per outbound module corresponds to the rate (packets or bits per 
second) at which the data streams associated with connections 130-134 are received. In addition, the bandwidth measurement 
module 1 14 may calculate the overall inter- arrival time(LAT) per outbound module (e.g., mean, standard deviation and the like). 
The overall inter- arrival time represents the time between arrival of packets. The bandwidth measurement module 114 may 
calculate the overall inter-arrival time for the outbound module 100 in order to determine the burstiness of the data streams as a 
whole received by the outbound module 100. 

[0027] In addition or alternatively, the bandwidth measurement module 1 14 may calculate the statistical bandwidth per buffer or 
priority class. By way of example, the bandwidth measurement module 1 14 may calculate the arrival rate per buffer 104-1 12 
and/or the inter-arrival time per buffer 104-112. The arrival rate and inter-arrival time per priority class may be characterized in 
any statistical fashion, such as by the average, mean, median, standard deviation and the like. Similarly, the statistical bandwidth 
for the outbound module 100 may be characterized by utilizing any statistical measurement, such as the average, mean, median, 
standard deviation and the like. 

[0028] Once the traffic parameters are obtained, the statistical calculation may be made for each desired random variable in order 
to calculate the equivalent bandwidth for one or more data streams. The parameters for real-time statistical bandwidth calculation 
per priority class and per outbound module are, by way of example only, moving average estimation, standard deviation 
estimation, and information vector (I = [ lambda , sigma <2>, alpha ]). Variables that may be used to calculate the real-time 
statistical bandwidth include mu which represents priority-class buffer index, lambda mu which represents mean average arrival 
rate (packets/second), sigma mu <2> which represents variance of arrival rate (packets/seconds)<2>), alpha mu which represents 
instantaneous variance (per unit time) of the inter-arrival time packet arrival process (cells/second), IAT mu which represents mean 
inter-arrival time, and IAT mu <2> which represents the second moment of the inter-arrival time. 

[0029] Figure 3 illustrates a graphical representation of a call admission control procedure. A caller who desires to make a call 
sends a call request message to the network requesting a connection. The network call processing function may be on the satellite 
or on the ground. The network continuously receives status information regarding current connections. Upon receiving the call 
request message, the network determines in the call processing block whether a quality of service for the new caller may be 
guaranteed without reducing the quality of service offered to existing callers below a minimum required quality of service. 

[0030] The network sends a call grant/deny message to the new caller either accepting or rejecting the call based on the outcome of 
die call processing block. The network accepts the new caller and grants access to the network if the call processing block 
determines that the new call may be admitted while still guaranteeing a minimum quality of service for the new caller and for all 
existing calls. Otherwise, the network rejects the new caller. If the network accepts the new caller, then the new caller sends the 
final acknowledgment of the connection, along with the first segment of user information to the network and the new call is 
established. 

[003 1 ] According to an alternative embodiment of the present invention, the new call is granted or denied access to the ATM 
network based on the statistical bandwidth measurements taken in real-time as explained above. 

[0032] While particular elements, embodiments and applications of the present invention have been shown and described, it will be 
understood, that the invention is not limited thereto since modifications may be made by those skilled in the art, particularly in 
light of the foregoing teachings. It is, therefore, contemplated by the appended claims to cover such modifications as incorporate 
those features which come within the spirit and scope of the invention. 
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1. A method for determining, in real-time, a statistical bandwidth being used by at least one data stream of a communications 
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satellite ATM network, the method comprising: 

measuring at least one traffic parameter associated with at least one data stream while the data stream is conveyed by the satellite 
between an uplink and a downlink, the traffic parameter being representative of an amount of bandwidth actually being used to 
carry the data stream; and 

determining the statistical bandwidth in use to carry the data stream. 



2. The method of claim 1, wherein said measuring step comprises: 

measuring a common traffic parameter for multiple data streams, said common traffic parameter including at least one of an 
aggregate arrival rate per downlink for multiple data streams, an overall inter-arrival time per downlink, an arrival rate per priority 
class of data streams and an overall inter-arrival time per priority class of data streams. 



3. The method of claim 1, further comprising: 

receiving multiple data streams having different priority classes and switching each data stream to a corresponding buffer in the 
satellite based upon the priority class of the data stream and buffer. 



4. The method of claim 1, wherein said determining step comprises calculating a statistical bandwidth for all data streams 
associated with a common downlink. 

5. An apparatus for determining, in real-time, a statistical bandwidth being used by at least one data stream of a communications 
satellite ATM network, the apparatus comprising: 

at least one buffer queuing a data stream from one or more satellite uplinks before transmission over a satellite downlink; and 
a traffic measurement module measuring at least one traffic parameter associated with the data stream being queued into the buffer, 
said traffic parameter being representative of a statistical bandwidth presently being used to carry the data stream. 



6. The apparatus of claim 5, further comprising: 

a switch, receiving multiple data streams having different priority classes, and switching each data stream to a corresponding 
buffer based upon the priority class associated with each data stream and buffer. 



7. The apparatus of claim 1, wherein said traffic measurement module measures, from the data stream, at least one of a number of 
packets received per second, a number of bits received per second, a count of the packets received over a period of time and a 
count of the bits received over a period of time. 

8. A satellite communications ATM network, comprising: 
a satellite; 

a ground station; and 

a communications terminal maintaining a communications link with the ground station via the satellite, said communications link 
carrying a data stream of ATM data packets to and from the ground station; 
said satellite comprising: 

a buffer queuing the data stream before transmission over a downlink to the ground station; and 

a bandwidth measurement module for measuring, in real time, a statistical bandwidth of the data stream being queued by the buffer 
before transmission over the downlink. 



9. The satellite communications ATM network of claim 8, wherein said satellite further comprises: 

a traffic measurement module measuring at least one traffic parameter associated with the data stream being queued into the buffer, 
said traffic parameter being representative of a statistical bandwidth presently being used to carry the data stream. 



10. The satellite communications ATM network of claim 8, wherein said satellite further comprises: 

a processor for measuring a common traffic parameter for multiple data streams, said common traffic parameter including at least 
one of an aggregate arrival rate per downlink for multiple data streams, an overall inter-arrival time per downlink, an arrival rate 
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ll&5<S5tl®[)iXXX^^*§ : fc§ifc0x—X • X h U — 
A£r§{S U tufBx— X • X b V — Afe * W W 7 r © 
iSMg&XXXlcg^V r. &x— X • XMJ — A^rsu 
fBKSMrtoW^Sf 5-rt x 7 7 fc#J D #*. 5Xf x 7£# 
iX 73 S 0 

CM*® 4 ] IS*® l IB«©73Sfc4oV'T, tuaBWS 
tSXfyyti, £5I£‘77y7XfcMji’r3£T07 f 30 

-x • x h y-AtwrsaaH-flMfws^turrsxT 1 
•y T^ty^So 

[IS*® 5] jUiaSMATM^x h7— X©^&< t 
t» 1 O(0f-7 • XhU-A{C<toTMffl$n^>MltW 
*«««u 7;i/ • x^Atfus-Tsssrefc^T, 
ffim#'yyvy?%fr? sstf^ioA locLto 
*M7-y7y 7Xfr£©x-X -Xh'J-A^-^ 
7 X“'f£ / >&< fcfe 1 0 OA 777 A 
tufB^'y7 7rtfc:*a— i^X^nfcx— X • X h U — 
AfcHii-f3'>&< fcfc 1 0©hx7^ xX • /^7X — 40 
X &»£■$*£ F77^ x jtfi 

IB b 77-f 7 X • A 7 ^-^\ suIBx— X • X MJ — 

£ 1 \ hx7>f >yXiJ^t'7i-;l/t, %li;l3gBo 
[IS*® 6 ] IS*®5IB#c©SHT:'&-pTA BE, 
S4s«yeffi^7x^-r«a»©x-x • x h y— 
AfcSBU &X“X • XhU-AfecfcD 7 VyXrt &8 

ji-r^ffi^iifex vxfcs-7’i/'T^ #x— x • x h y — 

A£#JS*3'Xy7 7{t^D^*3X'f x^£«*.3S 
®o 50 
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[IS*® 7] »*®5BK©»llf<:*V'T. fuIBhx 

7 -y x XiJ^'7n-;l/ti, tuIBx-X • X h y-Afr 
l»afe 0 ©SB/^yh», £&©£«£ 
x hit *S«FllBJBIfflfct>fe-3TSflltfe/<X-y h©# 
77 K *«fctffe«l^fflaiHItct»feoTSBLfelf*y h 
©*77b©rt / >&< £%> 1 ^g Q 

CSS*® 8] S&MjUSATM*? h7-XT'fe-pT, 

ili:> 

J&JtJSiA 

SuIB^M^Ji l7TtuIB±&±^ ©lift U 7X««ft*-3 
HIKT'SpT, MffiilfS'J 7X*\ fWBJSLtJi^fe 
cfct/tuIB%±^A^ATMx-X • /^7 hOf-X • 

xhy-Afca&asrs, 

luIBlijSAX 

X*77 y 7X£ft LfcMIEite±J^©&#fCft±£oT, 

SuIBx— X -Xh'J-A^a — r7X*-r§^x7r 

tuIBX” 7 7 y 7 X £r/l- L fe2SflltifeSi-3 T. MIBA-y 7 
7^+a — l'77tfef~X • X h y-AOltttf«^« 
SS*y 77 b • X>r AtcjSte 7 ^w^iaiJS ; e' 7 a.-;b 
i:, BMiiBATM^y b7-Xo 

CIS*® 9 ] IS*® 8 IBi(0tSSafi A T M * x h 7 
— Xti5V' i T> MIB^Stis MK, 
iilB^xXrrtfc+x — i'7X‘^ti/cx— X • XbU — 
AfcM 3 'r 5 / >*< £:£> 1 7 ) 0 b 77 ^xX • /^ 7 X— 
x^^*^ h 77 ^ x Mia 

h'77'C xX • 7^vX — X*\ lulfix— X • X h U — A 

Miiflt A TM*x h 7— Xo 
CIS*® 1 0 ] IS*® 9 IBf60®JMJifi ATM*x h 
y-yias^r, tuiBfjgkA it, 

IIS0X-X • XbU-A{cWLT«jl0hx7^xX 
•/^X-X^iiJ^*57 a-bx-9-^m, tuIBfta® 
hx7^rxX • ^7X-XA\ a»©x-X*Xhy- 
Atc^-r « X’7 7 >J 7X«©l*£SI3i®, X'7 7 U 7X 
«©^iiiaifsiRix x-x • x h y-A oiw^xx 

S05J3I4S, fe<tt>”x-X • X h y-AOi^lfii'x 

xs©^iu»iBiPs©rt>>4< tt. 1 o£#tx assiiii 
A TM*x h 7 — Xo 
CfgBJ!0P;ffl&I&0j?] 

[00 0 1 ] 

c«®©«-r*aar»»] 

m*xh7-x^ML. 

*t^a-;l/-*-h*^tT»SISn«-r-X -Xh 

y - aicj: o Tfflv' e.nTb'«^flia®H-wa«fi%b'r 

n©^fc*V'Tt>y 77b • X-fAKWSTSATMUS 
Miifi* x b 7 - X It SB* ^5 o 
[0 0 0 2 ] 

M£&0OT fSS®ff*x h 7— X(±, 

^lt N 4"— x-f * • X“X* tfx^" • x— Xs x7lf^ 
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fix-X, • Ifx* • x-X, 7xX 

• V—y* >7 • x-XI?0J; 9 k:ax©JFM©x-X 

h (tc^jES) 1-§/ci6 

M*<DT-$&£.*®'Mt2>r£&blC, ATM (#|W|^ 
iM^e-K) £+M(- hLT©?>„ ATMXn h:©W£, 
mmm fa (n*X'>H>§y) 7nh3^it5 0 g 
^gfo7°nh:©l/£LT, ATM^yb7-^(i s *>y 
h7-^^iii:T3-;l/ (uf) *v 

F7-X • 

^^*V'iifc^|lE-r§d;^(i;t!]{T-r^o «&!*.«& *-y 
P7— X • Xn/WX'fcA ^©^XS/a 7 (g^) 
*^§gfg1t-eXp a n H^|i^T^<ii:^liE-r^o An 
x.T\ ATM^7 h7-XftTWc&^6t:&X3i!u 
fcX ^7h7-^ • Xn/WX'te, X>y h7-X*Wc 
^'¥^Rffg0gfg-9--tfXD a o a^^'r§ c t*mu t 
&u-tuf&e>&©o 

[0 0 0 3] +)--ex n n a S(i, x-X • X h U-A • 
X>y h/M&m, x-X • X h U-A • ;^'y MS£B 
©Ig^fclijS^SAI?©^^ 

ATMX'y h 7-X»D£iJi: 
LT. gfg®0+i--b:Xp n pS0^II, fccfctfg#©^* 
fcd;§g{g|S©+l--t:Xp a pgfc©9 2o^lfeti§o 
A TMX>y h 7-XT;'fcA %jrc&Wl3£Zf%tft<DmzM 

m ttn^nirzn 
mmuffl, ^ b<Dfcmmmc 

m?%xtrz?^-v yyzvuzTz £ ttfVZ z> o 
[ 0004 ] a-)v (n?) &m%mtiz, atm^7 p 
7 -X*\ mtc^n^tcit^'y T7-^*'C>fsie)^0-9- 
-ex^s^LTv^^.— 

§ya-feX0i:J:T^§„ i^SMSiJfflifecfcy'xy^a- 
o y^iEHrtTifensiSgfccka'*#;'^. a t 
M*- y P7-XfClIftt2n&?Pl^S©S^ fedttfX'y P 
7-x^6S^^n§f@^0f¥0 r^jffij 
ki^-cfc&^nso cciztstfzmmwmMtiz, m 
*<Dm\ M^ c fcoTS5l<$tl§gfg+)--lfX • 
)b%Wct fc^\y^W^m\^^rn(D C fV&Z>o 
[0 0 0 5] K#©ATMX>y P7-X&, 
l3d:0*xy'>'a-'jy^fiT§^ *>y P7-XP3 
■T'fflv'5n?>^itii0s, 4od;y'iT/c^:B?^ t fc§jgAo^ 
s-r & <fc -5 ^sst^n/c^ifii^xvwca 

-3VT©5 0 

[0 0 0 6] HlcMftSfycli, ATM«, vf-&mu 

wn v=fu XAci^^Tit?n§ 0 c or;v =f u x 

Att, m it%mm mm 

£Px7T>yX#14, 1S&XfWffi<DWzMT% rp57 
yyXo'yF7^F (^») J «f*3T'^6n§h7 
7^ «y X#14©ftl^ft]i$£ffl©;5 0 nf*B3PJ»r;P J 
UXAtt, X7h7“7^0iIStt, 

Xt Thx7T'y7^J ^MLiJfT^o hx7>f 
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vtmmt, x-y P7-x • 7^-bx*<M4?nfe*ffe 

3-K^tr. PX7T'yX§^f®li, 
ftxxx cmtf. m^0gfg-9— exp Q p®^s^x«. 

X— X -XTU-A0W S{cSiJ0^Te.n§o 

0n?t^-r§hx7^'yX^ffi«, a^©SSHfe«fetf 
/gfcfix-X • X P U-A0^|gF^^x-X • XPD 
— A4S&£3Hlffllf 3 XX'X x— x^Xn Xx AX 5 
ka aawfcffli/'6n«o 

10 [0 0 0 7] X'y P7-X • Xn/WXti, h77yy 

^ISttKisV'Ta^SnTV'SjtStttffl^aS^K: 
sxvt, hpjal 

T, X-y P7-X • 7n;W^i, $l#Rl^-b;T • U 
-P (SCR) , tf-X • -tr;l/ • U-P (PCR) , & 
cfctff^A-Xh • XXX (MBS) 

-xicsxvt, mmmmmmmttMfetzc t & 

TftS. *7 P7-X • Xn/WXfcA WJEO^^^ 
-Xfil0x-X;T^s K#®np0JtSa«SS*fc«fco 
ftHiX'y h7“X^*fcM-rsaiftWflt 
20 SSfctttx^kLTli^ftSo 

[0 0 0 8] j§£{Ci5l' 1 TW\ G r i n g e r i ^0 
ffilC <fc§ TT r a f f i c Shaping, Band 
width Allocation, and Qual 
ity Assessment of IMPEG V 
ideo Distribution Over Br 
oadband NetworkJ y h7- 

X±£43tt5 I M P E G (f x^SH0 hx7^ «y XS 
fecfcO*p n nai¥» (IEEE N 
etowrk 1998^1 1^/12^, 94-10 
30 7^-7) 

S^lS^^'tlTV’'§ 0 Grinderi et a 1 . 
OlraXli, S§b?/^xX— X lcSTJv^T^lt^^s^r 

tf-Krsso-asa^tTV'a. 

[0 0 0 9] 

Ki«U:)i;T5Il] L&L&&&. ffi?® 
ATMX'y P7-XIi. ife»W»l»*a»J0Ti:LT?ff« 

ffiLT0^ o WiHWXSD, X'y P7-X 

±0x— X • Xh'J-At<i;§||^0hx7T'yXM# 
40 £:^-fimi&i/\> ^^S^ExVHiv UPS© 

=»«aaffl*si» , rs«k5te»Wk:»®Rra’ptt&v\ 

mS©afraW h 77-f >y X • y^x— 
e>X'S5o fisw^stxVHi, nmmn, xx^n 
-0 7X\ ATM^iJfflpJtgtf'y h • U- h (ABR) „ 
«SE7D-A* D-h (GFR) ^fC^Jffl^nTV^o 
•?-©|g^ MyE©Xn-tX^T*\ IR6^sWKIfif^tT 
feO, a«MBUV“-X GHB) ©affl^aWB^fc 
A^T't*V'©T'$>5o 
[ooio] bfesb'oT, 

50 k^i&enrv'So d©SM^r 
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SSfeftfcfciWfcLTVSo 

[0 0 1 1 ] 

[SW£»fcT3fc«><D¥ga 

It, - z 

'fL>nm*mmu mmcm^nr^^ mmm& 

©a^v'-fno^fcfev'Tfejpj^fs. ^©tsw-w 

it, m%%mM&t;zf=L—>f • 77'j'r-'>3y<Dmm. 

tmmtK 

7-X . (g£#) 

*ffc«ffilBO-9- 

-ex n a og^«iiEL^t^^e)s 

7rf£bfe3 0 

[0 0 12] *SIWO»3Sa:-ll!S«»k:«fcntf, lift 
ilATM^y VV-ttzmVTMmZftZ'P&t £t> 
i oof-? • xhu-Ate«koTfleffl«nsssfisaitf 
x^Atwjg^stfiifcjsiR-rso 

<l073&te, x-X • X HJ-2**^Mfc<fcoT7'y7° 

y yx&<fctfx77yy yxp^Ti^sftTi/'-sPtm;:, ^ 20 
&< ttioof-^ • Xhy-AtMjI-r3'>&< i: 
t> 1 OOP77-/ >yX • 77^-^^tliXf'y/ 
h77-f x X • y^XX — Xt± % f-^-XPU 
-A^JRSS-rSfefeK^IStcIfflt'enTV'SffiijMBOfi 
^sto mmLrch^7'{ v7 • 

1 ofiLtof-^ • x h v-Lttmmtzrcibizmmte 

st^ntf, m%\,k^ ; 7*-z\Lmr5^xmft'¥ ex 

X— XX" Running) 

ofc^§„ h77-f xX • y^XX-X©$iJ£f±, 1 30 

©S©£®y<X-xh», 1 #«©Sfiex hit £3Bt 
|Ifl»ilfflfcfefe^T£«Lfe£y<4rx h©#XX K ££ 
o T§®L^e x h 0 * >7 y h 

0P® / >*< b€> 

§0 !iJ£-f3Xxx7’fcA St, 
-Afc*tLT£iI©hX7-fxX • y^XX-X£ifll£-f 
3Xxx7£-tC?c WilohXXwxX -y^xX-X 

a, ^tof-7 • xhy-Atwrs^yyyxs 
0l8£Hii*» X'Xxy yX«©£Mim x-X • 
x h y -A 0 ®fts« 0 ?ijjg^ &£a*x-x • x h y 40 

— A0®5 1 cllIfiXvX®0^:IiJjiP^l0rt / >^:< bk 1 

[ 0013 ] immmmicMi, mmmm^Lr 
fct, i7>0r-x • xhy-Aic^o 
Timzftz>wnmm^ma*v7>i • x-rAtws 
c©«»i, 1OJX±0^S7 
x7yyx£/fLtg{§Lfex-x •xh;-a*'60 
y<frx SiJ©x-X • XHJ-Afc«lc*£Wfc« 
MXXX'J XXfc2HIt'Sffifc, — 
<ktlOO/^77Sfttt + a-m Mt, lO 50 
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SBl*, /^7rrtWa->f^ (ftSfrJIJiWW) S 
tiSx— £fcR|ji-f 54>&< 1 oohy?-/ x 7 • 

y s X 7 - X S b 5 7 7 x X BUS- 1 7 a -;b t> -a 

ts 0 St, zo^Blt, ySx77fe<fctf bX77xXPJ 
®4r7rL— ;b©±j!ftt{i£llL, JI&£<i5feJiIji'[iXXX ; & 
* • Xb'J— A^frfSX-i'xX^ 
■t&o C0X^'y7-li, &x-X • Xby-AfciOxS 
x77fcMa*5«$fc®{fcxxxt£^'T, &x-x 

• Xh'J-l*&ttfc-r5^y77lC7'f'y?yy r ?% 
(«0fX5) o 

[0 0 14] jfilloyot'ym $J£LfehX77 
xX -y^XX-Xtg-^VT, x-X • Xh'J-Atfffl 
v>«tfflH-fl^«e3&WS-rs, 7P-fexim, BflSLfe 
bX77xX &x-X*Xb 

y— AtftLTXX-yX*¥i^3J:tf¥^lM0l :t 34‘& 

<tfel7mcfcm4 Xn-trxX-fcA x— X 

• Xh'J - Afr £>, l O«±0y* X 7 7 i 
Lft^XvUt, l oJX±0y W7 r AM #45 1 §{* b 
fetfx h», 1 om±0/by77^5^M^ct)fe 
7TfiLfei7X7b0A77b, fe£t/loJX±0 
/Vy77^§ 0#^)^ t fc>feoT§{f Lfe^tAy h© 
#Xyb©FV>&< fcfe 

[0 0 15] tuyg©SB{±s #— 0/Vy7 T, 

XxX (ftftg) tf«il©/<-y77» (X';y-7) , S 
fe(i^©xxyyyxfcMS-r5^/^y7 7 mz. 
IS, mm®77 MyyK • €Xa-;l/ • d?-McB8* 
7i>A'y7r) SS»c«toTSMSns^-ir«y hisSUlS 
vh%tt*-rsc*^T?tSo St, BU3ili0^B«, ^ 
»© («jl©«^fcfiSfettS«:*«5fefi*^-rs) x- 
X-Xhy-At^LT, «ji©hx7-i''yX -^XX 
-X^iB'J^-rsT’n-fe'y+l-^tytitt.T'tSo #tji0 
h'77'i' >yX • y^xX— Xli^ 1 oJX±©y^'y 7 7tf'$k 
{iLfe^i*0x-x • xhy-At^-rsx’xyyyx 
S0l8^i!lS4s, l ow±0y'y 7rtitf S^vy 
yX^^iMH. 1 7±0/4y77fcJttSf-^ 

• X h y -A0flBfefi^0SM^, ts STS 1 oJ-X±©A' 
y77(cwnr-x • x h y-A©«feit«0^pj3i 
P^H0rt / >*< ti> lo^trctct^sso 

[ 0016 ] *»w©stgij0«enafi®«fcj:n»f, 
X y^y XW43<k tf b, l o« 
±©y^y 7 r t«f U 7;^ • X-T 

ixicm%.t2>zttfT*%%o '-k^7, 

ffifflSOgNpttSS&t^SUT, XX7rt 

-y yx" • 7;yp y c t& 

a&sv'tiSfeti^-ntun^LT, 
mmn*m^rmwffimnmn*'%&m7y v n-xt 
ftmommmtzm-Dfc'o, zyby-tw 
&BL<tfBM&1ttt3i**'>ay (S^g|5) Mfc*V'TX 

;1/— 7 > >y h^-y-— eXppS©±§^Bfk ; &— 

7 c ttf y 7;y • X>f A^ttSIHJKffit 
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<fc^>T, ffim'S'ry P7-7WH0fcii>(c, 

<j7ji ■ 

[0 0 17] 

immnmmm'] hir ©r *- ef 

R rU^si, 7n-F^tXb • IfxR -f'y7— 

Ry HffS, x— 7 If 04; 9 %SISx— 7 ; &|$ftM't‘ %> A 
TM^7h7-^W-h (lc#f£0 t%ffiM.mH'> 
XxA5£Rf 0 i?M3ilf'yXxA 5 R 1-D&L±(D=l 
-fKl 5, 2 0, 2 5, 3 0 tMl5faMt')y5 4 
0 ~ 5 5^LTjifI-r^^M 1 0£#tf o ^(pJiifS 10 

yy^4 o ~ 5 5 r ©7, 777y^-3W->3 

y (Jgftnfl) 4o£Zf5' , }>V 45 • nT'^yay (Sc^i 
gtf) ©Jfsic&^nty&vy mmi otiRj 

1? ? iilSx — 5 & ck 0-ltrM 1 0 ^p> ©iilix — 5 ^3® 3§ 
£-t43 0 mm 1 OR itLt)i3 
^©l^x-T^Atfe, ^^liifiUy^ 6 O^L 
Tiifi-r^o ^inijifiu y7 6 or 7'^yy^fe 
io'^yyyi ' hm i o ic [cu^ -5 aigx - 5 
&<fcimMl Ofr60a{Sx-^3§i!£-t!:3o a-n if 
*SS5|cl 5 — 3 OR MSI OWyrtKioTS^ 20 
n3M-3:fcl4i5lll0tf-AXRy F©“I7 7 h7°U 

y b 6 srticfizs-f s;: ±te±^3 5 

14, 4±ii0lf-AXRy MRcl4^&5t:-AXRy h 
0|s]-07'y h:/y yhrtlcftBLTfe, ift§7yh 
7';y Prtlc{iffiLT&<fc0 o 
[0 0 1 8] 25D}|R]3I{i'Jy7 4 0~5 514, 1 OjRt 
Ot 5 • XMJ-A£rS?Ml Olc^LTiiMl OfrQ 
$$a-r 5 c 7X73lBiaM'Jy7 4 0~5 5*'' 

WJ&-r£&x-7 •XHJ-AR ATM^yh7-7 

Sfc&cnfr65fci-r3¥-03i 30 
-;V (»f) ££143*77^ Ogfc) l^jSfR - 
Wt LTlcf 3L-- tf^Al 514, a7K-^n 

;7 K^®i-b;l/x • 7*y (-tr/t^ftfg) 
t, 2X73l°]3I{Sy X7 4 0£/RTSjMl 0^077/ 

y y 7 igfcfc io‘7"7yj y7 saft&iijs-r scfcfci 

yT, ATM^y h7— ^fcOg^SSi'TS. i— tf 
*8*1 5 **5 ASM 1 0AO7yyjy7gllt ©Mx 
- 704 : a— if*s*i sfreanisns-r-** 

llioii, ^[Piafiuyx4 0~5 5rt07 

a-- tf'^1 5~3 0frQi£<i£ 40 
ft5£T©x-*£lK£f3o JDOflRliH3yy*4 0~ 

5 SfrZtDT";'?') y71i$80gflBfli:, ffiMl OR 
ATMRy P7— 7 • 7a p a/Wcg77VT§lix— 7 
fcte'&u *S£Lfcx-7£, ^73(Rjafiyy7 5 ort 
©T^yy y7£fH,T, JiLt® 3 5 ic&lifSo $73 
IrJA'R mmi OR tfiJJ§3 5frt>7vZfV>5 -x 
-7*5HSL, 7-y7 y y7 • x-7£#j£-f?>a.-1f 
*8*1 5 — 3 OfcflUSrTS. 

[0 0 19] 0214, 

177 h/^y F • t7a- ;H 0 0£Rf o 77 P/S 50 
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7 >K • 0 014, Mf@0l'77'7'y7 • X 

p y-A^#— 07"7yy y7 • x p y-Aic^-a-7 
5, III OrtOifibfr&^fo WAR 77P^7yK 
• €7a-;H4, ^07>y7yy7 • P77-T'y7 • 
XPy-iv&*S£-L, #-07‘7yyy7- Px77'y 

7 ♦ xhy-Afcsrr, 

*'-p#S o 7'y7 p, Jy7 • P77^’y7 • XP>J-A 
14, WM 1 0^ffM7§ti-A • XRy P©4±il7'y P 
^yyhSfettS*«7-y hyyyhrtfcffiB-rs^a 
©a— »f trzcttf-zzzc 

"J P • XRyR&SR P77-<'y7 • XP'J-AfrQ 
A* (©IS) x-7 -/Mr>y h^SirrSo XRyA 
14, #x-7 • ^7-y hSt, %5fe7"7y '7 y7 • tf— 
ASKSJ-rSo #/^7'y hOJBSfcfcig-JV'T, X^'yA 
14^x-7 *^7'yh^jS-r§77F^7yK • t'7 
a — 7Hcl32itfl7 §0 

[0 0 2 0] 77 FA7y F • t7a— ;H 0 014, H 
Ml OrtlClRS^tlTfeD, 25D}[S)jIISy y7 4 0~5 
5rttcS^7'y7yy7^LT, jIfSx-7£:§fS-f 
7 7FA7yK*t'>a-;H0 0 
3b^liLfca#x-714, A TM7n h 3J;Hc btctf'-D 
TA7yHR777Hb (E54) StiS. 77h/^7 
yp • t7a-;H 0 014, Slix-70^7'y h^, 
+a“Sfett/<y77*IS*tT, ^73fRiaiSy y7 6 
orttcfe«j:5ft, «ax’7yyy7ic^a7§o m\ 

(^^-^y7'$nfc) ailx- 7*^14, ^V^T, 
±a±®3 5lcm.2tl%o 77PA7yF • t'7a-;H 

0 014, ««0ra*03*7'>ay$;fcttfSffi# (^ p ? 
#) ^P>aiix-7^IS7^X^'y7l 0 2^#Jy o 
&m>m> (3^7 '>h y) Sfcl4f§Bf©14, 3L-+74SA 

1 5~3 O*'>e>0M-07'y7 , y y7lcMa#14?.nT 

V^o 

[0 0 2 1 ] — mt LT, 0214, 5 O0^{3iI{Hg4§ 
1 3 0~1 3 4^1, HtlS14X-f-y7 1 0 21Cj;o 
XM''kttfot%^v7T 104 — 1 1 21Cf?3i2iaj£tl 
§0 /^y 7 7 1 0 4-1 1 214, *©»**£ traillx 
-7 • ^7>y h^SWr^SHB^lijb'WaoTV'Tt.J: 
V'o 0 2 0P714, 5O0M>y7X*^$tlT45y, 
0^714, M^^ffi)fel®fi77X, ^fcl47‘— IfXppH 
(QoS) WAR Ay77l04 

14, Qo S 1 tLr^t&fetDV-^XShWZ^-tZ 
x— 7 • X h y — A^i''Q0aMx — 7 • 7^7'y P-Sr^lM 
7§o WfilK, Ay7 7 1 0 6-1 1 214, ®2^l 
^ 5 7"— ti'XnDMQ o S 2 — Q o S 5tffg££ftT0 
3, 7tJS0x— 7 • X h y — A^QSlix— 7 * 

h^sisr^o 

[0 0 2 2] Ay77l 0 4-1 1 2(4, X^yflO 

2 *'5, ftifn7^yi 20-1 2 sicrOoT, **j& 
-r-g.aiSx-7 • ^7'y P^^IS7§o x^yf 1 0 2 
14, x— 7 • ^7>y P^S^-r§7--l£Xo n pMlcS-7v^ 
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T, 3*7'7h 71 3 0-1 3 4fr£*ffS-f£^7 7 7 
1 0 4 ~ 1 1 21C, tt^-f5iiflx-7©/-S7-7F#£ 
te-r^o 

[0 0 2 3] 'W7 7 1 0 4~1 1 2tt, FIFO (ft 
AftftWL) Sfelf F C F S (fttHMH) *oL-£rft 
i§ L, CftlcioTlffltL/c^T^y fOr — 7 • X F U 
-Afc-BJWfciBliU /<y77l 0 4 — 112010 
fc*a— x -?-©fi, r-7*XF'J— A 
£S£RL^7jlpMi’;xX6 0F ( 3©7'77'J771C, A 
-T7 1 3 5-1 3 9«3Si;TG2l r r5o ^77 1 0 4 10 

- 1 1 2 tfr-7 • ^77 13 5- 

1 3 ot^oTX^xuxxsT^SH-r^ntsj^^s-r 
3©lf, X7'7n.— 7 1 5 2t*&5 0 
[0 0 2 4] MIC, 77 FM77F • 0 0 

If, WSSSI^t^a— ;H 1 4£#t? 0 
1 4 It, /ifry F • ^e-X 1 1 6 fciUlU 7 "(7 1 2 
0—1 2 8£!ii;-aW77 1 0 4—1 1 21 cmtZ-T 
-7 • X F U-A*Eabifi» , rSo /<fr7 F • *^7 
1 1 6lf, 7^7 1 2 0-1 2 8 ^il DT j$BM£ tl, A 
777 1 0 4— 1 1 2rt£*:x — < 'S -? 2 tltc&T— 7 20 
• XFU-AlcPilf -&'>&< A£> lo©F77-f 77 
•^X7-7«rr3o HMfcLTfciSSfftV'tf, F 
77-r 7 7 -^7^- 71f, #/^y7 7C<fcoTl©3 
reOfcgflSftfc^y Fifc©f/77F, 
J:t>Tl»SfeOfcS€?nfclf-y Flfc©;777F, £ 
SI^IIBffllfflfct>fet>T«FS©7<y7rte«feoTSMSn 
fc^A'y F8SO*77F, 43«fctf/*fclffcSI$|l08l 
HK tofe o Ttf £©/W 7 7 It <fc o TSUSftfe If 7 F 
itd*77 FOrt 1 OlJUT&'atyC i;^T'f5 0 
'73 7fcLT, /*5r*y h 1 16 If, ftiiOSA 30 

lilWI^O^liifitXvXtSfSM'y 7 704: 7 &^7 
7/i (XXI/- 7) , £fcltft^©77F/V>7F* • *• 

7 jl -Jl rt O^ 7 7 7 £T t A Slg-a-# 7 7 F C 

t&-?ZZ>0 itaAT, ^X'y F* 

•t-Xl 1 6 If, iS077h/^7F • ^Xa-zH^ 

©A 7 7 7©-gP£fc If £T, feSWf^OTX W< 

77 F • tXa-lH 0 0rt©/W7 7gflC<fcoT^I 
£ftfc*77F (/^7hSfe«lf7h) ©TO£f#§ 

09*. If, 77MX>K'^a-/H 
0 0**9'#-F , r3&S3*7'7a 7£Alf&3*7'7 40 
a 7IC, ®JfflO/<7 7 7SjpJffl*rSC. AtfM£L©*§£- 
/Vy7 7 10 4-1 1 2©©<Ofrlf, ttilO 
+J— ti'XrSH (09 A If, QoS 3ff Q o S 4£=?lA\) 
*g:9tf SJHIx-7 • /^7 F£*a-' (yf-zit 3 
Cfcfe-e £3« loW±07-l£Xp n pItltlT^h 
7 7 -f 7 7 • ^77— X^r^f-Scl AtfUS L©l§-& 
^©/^y77lc#'T31f— tfXn n D ;Slf, ;Vy 
7 7 O ft ft |g ;{ft 7 7 X t nf. .£ C A f Tf t § o 
[0 0 2 5] /< 7>y F • t-7 1 1 6fcAoTlR^$n 
/cF 77^77 • /S77-7lf, flfWBS^&^a—./F 50 
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1 1 4l;:it2ft, HS§1 2 0-1 2 8*iffiSL/<y77 
10 4-1 1 2£II*ATffiM£ft?>A'-7 • XFU- 

AiCcko anri'S^w# EBfctra-r 

3„ flfisisao^t^a— ;n 1 414, A^ryF-tz^ 
1 1 6lCioTlK^^tl/c:F77-i'77 7l7^- 7IC 
g-3VT, #r-7 • X F U-A^fcgfcItW^^I^It 
g-f3o ^WlSiJ^Xa-zW 1 4 If, {@70^7 7 
7io4~i 12 , 

l^^y7 7$k X7 F/^7 7 F • t->X-;H 0 0£ 

—rntx^x, fasast'Xa-iw 1 4 if, 77 f^ 
77 F • t7X-;V 1 0 0&fcf£££M¥ (09*. If, ¥ 
JS, aHPfiSS) «tHrrSCfctfT*#So 77F/^7 
7 F • t'7a- ;F^O^IiJ)i^lf , 3*773 7 1 3 
0-1 3 4lcPS1-§x-7 -XFU-A^SflrrSb 
- F ( 1 #SOA7y FSfelf £ 7 Fife) fcttJSf 
ioAT, ^«*88^^a-;M 1 4 If, 77F^77 

f • a at) (®m$, ¥ 

m, mmmm) ^tur-ractt?#^ ^5 'J^f^ps 

If, /^7y F*Wr§FlOStFl^gto 
7n.-;H 14 If, 77F/^77F • t7a- ;H 0 0 
ti*rs^ijaBBP»*tH¥U 77 F7S77 F • t7a 
— ;H 0 0A^fi7§7-7 • XFU— AtftfcUO 
/^-XFtt^WSfSCfcfPSSo 
[0 0 2 6] JPitT*fclff^t>0lC, 

-;H 1 4 It, /7y77^0MStW^ifsSfcIf«^S 

^tfjf-racktf-pfrSo -^ijalt, 

a— ;n 1 4 If, /777 1 0 4-1 1 2$lCilJji^, 
*«ttf/*felf^7 7 7 1 0 4-1 1 2 S£IJIF b 1I?: 
tH?-rsci:^t?#So (Jifi77X) §OSUB 

^fecttfSiMPUff, ^(average), cFPfi 
(mean) , «WHS^O<fc 5 fc, V^'flO 

RI«K, 77 

F/^77 F -tXa-lH 0 Olc^f-r^HltW^iH 
fe, ¥^, ffifeffi, ®m<sM^Of:7lc, v^-rno^ti- 
W7aS7 1> MWf S C t tfV t § o 
[0 0 2 7] — J3 F 7 7 -< 7 7 • ^7X-7 

b>, mM®7y?AmmmicMmtw%m\ ix>u± 
o7-7 • x f y-AicWTs^fiBi^ws^turrso 
®5feSSSfclf77F^77F • t7a-;Vi0U7;V 
• 77A^ltW^SItg0^7X-7tIf, &m¥& 
(moving average) FIS, 

3£, fe«fctfflNB^7F;F (1= [A, O 2 , a] ) ^ 

cti6lf-09tei9Hf3B:l/\ V 7)1 • 7-T AiKW-W 
77X • / ^ 7 7 7 • /f77’y7X%it M' 

(^77 f/#) zmxn, mmm < d#wl ( (A7y 
F/#) 2 ) SIMPH^77 FliJIiXa-tr 

X (-t;F/#) OI»I^W»» (mfeBtF^S) ^tta 
/x, fe£0'i»1|Sfi©ig 
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2t- I AT/*mfl5o 
[ 0028 ] 03 a, s? (n-;i/) 
mmttixto mnLfc^mm mm) it, n o- 
;!/) g:Jb<-yfe-s*&*'y h7-*fc3t»), 

*3 o ^7h7-M (3-;W SailMi, iiM±£ 
fettSUbov'-fn-efe iV'o *-y h7— *ai®RWfc:*S 
&&fcMT&7.'r-fiZlffi&3mr&0 WgjRt'y-k 
-5>*3<rrsfc. ^-7h7-7lt Bf (3-;I/) $aa 

7ny^tfe^t, K#©fgfi#fc:M#tLTV'3y-- tr 
z&mzmimxv- ^z§hn*mc%t -r c t , 

frfeftnf (3-;W £tttS^-b'Xo n pH£{£fiE?-3;: 
i: 7? 1 3 9 o 

[0 0 2 9] ^7b7-7it fTfc&f&WoHffFRj/ 
}g*fi*yte— 5*&2SD* "fll7D7^©gSt|o'i,' 
t, nf^stj-Ans^a&si'ajgie-rs. ^7h7-7 

^Ifrfc&nf^r^tfAtb ^>’y h7— 2'\<D75'-bX%:1t 
5-tZ><Dlt, «l/0 7 7*\ gfg-9--ti‘Xp a pS^ir 
tc «t tf«#©£T ®«? t ft lt&se loo, 

5o ^7h7-7(i»cWWt 20 

3o ^yh7-^*Wcfta«f#«StfAnfc*&, iT 
fefc5£n?#tt»tl©*»tt£tf;«F£. a.-if1«BO*«J 
(O-t^d'hb^ *>y h7-^fCjM0, Srfcfcn?*' 
BSi&StlSo 

[0 0 3 0] 3jc«WO«#3teSBg88fc.fcntf, 

bfcj: 3 tc y r;i/ • ^>r 

SfdiATM4-7 

[ 0031 ] u_t, mmmmts 
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Xh%> 0 

[0 3 ] *mB<Dftm%nmmic l^ota tm* 

•y h 7 - ^ fa T?n?£5fezf § $& a '>- y y 0^ L 7c 
^ .y-t-i/ . ->-^ryxiT*SS 0 
[ftf#®i&BJ]] 
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1 5, 2 0, 2 5, 3 0 a— »f#ifcfc 

3 5 
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